This study evaluated sleep duration, travelling habits and jet lag effects in kite surfers according to their competition level. Ninety-four male kite surfers (34.3 ± 8.8 years) were evaluated through an online questionnaire in order to collect information on training volume, clinical history, anthropometric profile, sleep habits, fluid and fruit intake and jet lag effects on athletic performance. Mean sleep duration was 07 h 19 min ± 01 h 12 min on weekdays with 82.3% sleeping less than 8 h/night. Sleep duration was less on weekdays (p = 0.002) and weekends (p = 0.011) in kite surfers' squad members (SM) compared to no squad members (NoSM). Greater jet lag symptoms were reported following west-to-east flights. Kite surfers with SM arrived earlier at the competition destination (p = 0.019), were more likely to implement strategies to minimize travel effects (p = 0.003), but reported more symptoms of jet lag than did NoSM (p = 0.041). Travel effects were positively correlated with the distance travelled and negatively correlated with sleep duration on weekdays and water intake during travel to an international kite surfing competition. Jet lag negatively influenced kite surfers' athletic performance with greater symptoms following west-to-east travel in both SM and NoSM.
Introduction
Kitesurfing has been considered a high-risk sport with a growing number of participants worldwide (Bryja 2008) . In 2012, the number of kite surfers was estimated at 1.5 million (Nebas & Heller 2014) . Although this adventure and extreme sport is relatively new (Pikora et al. 2012) , first reported as being performed in 1996 (Exadaktylos et al. 2005) , kitesurfing was voted as a substitute for windsurfing in the Olympic Games held in 2016, in Rio de Janeiro, Brazil (Nebas & Heller 2014) .
This sport combines characteristics of three main water sports: windsurfing, surfing and wakeboarding (Vercruyssen et al. 2009 ). The apparatus consists of a large controllable kite with a handlebar connected to the kite surfer's harness, and a small board with footpads and straps for riding over the water; athletes are pulled over the water surface, performing jumps and several risky elements in the air even in conditions of light wind (Bourgois et al. 2014; Nebas & Heller 2014) . A kitesurfing competition can be performed in two main categories in accordance with the type of elements involved -namely, crossing (sideways transportation over the surface of the water) and freestyle (jumps and pop tricks) (Bourgois 2014 ). The few scientific data suggest that crossing is sustained by aerobic metabolism and is of a moderately intense activity (65-70% VO 2 max) (Vercruyssen et al. 2009 ). Freestyle is sustained by both aerobic and anaerobic metabolism (Clua et al. 2014) and is considered an intense activity (80-90% VO 2 max) (Camps et al. 2011) .
To the best of our knowledge, there are no published data concerning sleep or fluid intake in kite surfers. The few scientific data available concern: biomechanical (Bourgois et al. 2014) and physiological aspects (Vercruyssen et al. 2009; Camps et al. 2011; Clua et al. 2014) ; comfort and safety of the equipment design (lundgren et al. 2012; Nebas & Heller 2014) ; and injuries sustained (lundgren et al. 2012; Driessen et al. 2015) .
With the increasing popularity of this sport worldwide, kite surfers tend to travel across different time zones in order to compete. For example, the World Kite Tour's calendar for 2016 is planned to take place as follows: France (April), Venezuela (May), Spain (June), Sweden (July), Canary Islands (August), Germany (August/September) and South Africa (December). In fact, while travelling, kite surfers experience a disruption of circadian rhythm, known as jet lag, which can negatively affect their sleep, appetite, mood and cognitive and physical performance Erlacher et al. 2011; Schaal et al. 2011; Halson 2014) . Nevertheless, the need for adequate sleep is mandatory. Sleep has been considered the single best recovery strategy for elite athletes because it improves the immune and endocrine systems and so presents a restorative and recuperative effect on athletic recovery. Insufficient sleep may impair these systems with negative consequences for athletic performance (Silva & Paiva 2015a) , especially in injured athletes and during periods of competition, stress or travel (Halson 2008) .
It has also been highlighted that appropriate eating habits along with sufficient sleep are important for athletes' health (Silva & Paiva 2015b) , recovery and success (Silva & Paiva 2015a) , especially when travelling (Silva & Paiva 2015c) . Indeed, high-performance athletes face an immune function disturbance with a higher probability of infection; this is enhanced by intense training, deficient nutrition, sleep restriction, travel and changed daily routines (Gleeson & Williams 2013) .
Depending on their level, kite surfers normally travel to different time zones for competition; thus, not only appetite, but also their sleep and athletic performance can be negatively affected by jet lag (Halson 2014; Silva & Paiva 2015c) , even though sleep, eating, drinking and training can be used as external factors to regulate the light-dark cycle and minimize jet lag effects (Halson 2014; Fullagar et al. 2015) . In addition, the dry air on board of airconditioned vehicles (car, bus and/or plane) can increase athletes' dehydration; thus, an increase of fluid intake is highly recommended, such as water, juices and soft drinks ). On the other hand, there is also a circadian variation in gastrointestinal function associated with jet lag syndrome Silva & Paiva 2015c) . Therefore, fruit intake, such as fruit juices, dried fruit and peeled fruit , is an important strategy to prevent travellers' gastrointestinal discomfort because of its high levels in fibre and it is an easy way for travelling athletes to consume vitamins, mineral salts and water (Silva & Paiva 2015b) .
Therefore, this study aimed to evaluate, through an online questionnaire, the effect of competition level upon sleep duration, travel habits and jet lag in adult kite surfers.
Methods

Participants
A cross-sectional survey was conducted on 94 male kite surfers who volunteered to participate in the study (mean ± sd: age, 34.3 ± 8.8 years; weight, 74.2 ± 11.8 kg; height, 1.76 ± 0.08 m). They had regularly competed in between two and six national and international events per year for at least the previous two years. Relevant questionnaire items were identified from the scientific literature (Spitzer et al. 1999; Waterhouse et al. 2007 ) and adjusted to kite surfing practices and language. This questionnaire was available in three languages, namely: English, Spanish and Portuguese, and reviewed by a panel of athletes and experts in nutrition, sport and neuroscience. Kite surfers were recruited through personal contacts by one of the authors, who is a kite surfer; of the 116 athletes who were approached, the response rate of males was 81.0%. Female data are not presented in this study due to the very small size of the sample (the response rate being only 5.2%).
To recruit an adequate number of participants, two groups of participants, organized by squad membership, were used. Due to different levels of participation in the sport, each athlete was categorized as a squad member (SM) or not a squad member (NoSM). Forty-four of the participants belonged to an international supported team system that was part of the International Kiteboarding Association, and so were considered as SM. Fifty athletes did not belong to any supportive organization; however, they were dedicated athletes with a long history of involvement in kite surfing, and so they were considered as NoSM. The kite surfers were from North America, South America, Europe and Africa. Athletes with SM prac-tised freestyle (70.5%) and crossing (29.5%). In the NoSM group, 72% practiced freestyle and 28% crossing.
The volunteers were asked to complete an online questionnaire which asked about their typical behaviour regarding the longest journey they had taken in the preceding 12 months in order to compete. Information was obtained regarding: anthropometric profile, training volume, clinical history, sleep habits, fluid and fruit intake, distance travelled for competition, effects of travelling upon general well-being, effects on athletic performance of any jet lag and strategies to minimize the effect of jet lag on athletic performance.
The study design was approved by the Ethics Committee of the University Fernando Pessoa (Oporto, Portugal) and informed consent was obtained from all participants.
Training and competition data
Training data included running, muscle-building exercise and kitesurfing sessions. Several parameters were obtained: the number of training sessions per week and the number of hours of training sessions per day (from which the number of hours training per week was calculated). Comparisons are presented between those who was/ was not a SM.
Anthropometric and clinical data
Weight and height were self-reported. Body mass index (BMI) was calculated as weight/ squared height (kg/m 2 ). Anthropometric standards from Frisancho (2008) were used for weight, height and BMI. Data relating to any kind of disease, or medication, vitamin or mineral supplements being taken or to any other type of supplement were collected.
Sleep
Mean bedtimes and wake times during the week and at the weekend were obtained, considering the preceding 12 months. Sleep variability was measured by the difference in sleep duration between weekends and weekdays. Poor sleep duration was defined as a mean total sleep duration of less than 08 h 30 min per day (Fullagar et al. 2015; Silva & Paiva 2015a) .
Statistical analysis
The characteristics of the participants are described as proportions for categorical variables and as mean and standard deviation for continuous variables (age, training volume and sleep duration). To test for differences in sports characteristics, food and sleep habits of athletes who had/did not have SM, t-tests were applied. Chi-squared test was performed for comparisons of frequencies between groups. Since there was no control group, the results were compared with reference data and with results from other published studies. Spearman correlation coefficients were used to determine associations between categorical and continuous variables. Bivariate (Pearson) correlations were run on continuous measures of demographics, anthropometry, training, sleep, travelling and fluid and fruit intake. linear regression analysis was used to evaluate predictors of travelling effects prior to competition. Standardized predicted values and residuals were computed iteratively and by adding variables considered significant by correlation analysis using the forward stepwise multiple regression method. The significance level was 5% (p < 0.05). Data were analysed using IBM SPSS statistical software version 21.0 for Windows (New york, USA).
Results
Participants practiced kitesurfing for a mean of 4.0 ± 5.1 h/week and did 4.5 ± 6.3 h/week of running or muscle-building exercise, the total training volume being 9.8 ± 9.2 h/week. Training volume as well as physical training was significantly higher per week in SM than in NoSM (p < 0.05, Table 1 ).
Regarding diseases and medication, 5% of the SM reported suffering from diabetes type I or asthma and were taking the appropriate medication (anti-inflammatory non-steroids); 12% of the NoSM suffered from asthma or hypertension and were taking suitable medication as well as anti-depressives, anti-inflammatory non-steroids and dietary supplements. No sleep medication was reported by the participants. Surprisingly, 77.3% NoSM were taking nutritional supplements (multivitamins, calcium, iron, magnesium and proteins) and only 22.7% SM were taking multivitamins and proteins. Kite surfers' weight, height and BMI groups were below normal for their age (25th to 50th percentiles) in both groups (SM and NoSM), with exception for height in SM, which was normal to slightly above normal for age (50th to 75th percentiles) ( Table 1) .
The weekly durations of kite surfing training (p < 0.01), physical training (p < 0.05) and, therefore, total training duration (p < 0.01) were greater in kite surfers' SM compared to NoSM (Table 1) .
Mean sleep duration of all participants was 07 h 19 ± 01 h 12 on weekdays with 82.3% of kite surfers sleeping less than 8 h per night. On weekends, only 38.2% of kite surfers slept less than 8 h per night, which was probably due to later wake times at the weekend. Selfreported sleep duration was less on both weekdays (p = 0.002) and weekends (p = 0.011) in SM compared to NoSM. This may be due to earlier wake times in SM (p = 0.030, Table 1 ).
The mean travel distance for competition was 14,489 ± 3629 km in SM and 2264 ± 781 km in NoSM.
Athletes'SM arrived earlier at the competition's destination than did athletes NoSM (p = 0.019, Table 2 ). Travelling effects depended upon SM (p = 0.023), and were mainly sleep disruption, fatigue, appetite loss and headaches ( Table 2) . As expected, greater jet lag symptoms were reported following west-to-east travel in both SM and NoSM; jet lag negatively influenced kite surfers' athletic performance (p = 0.041, Table 2 ) by causing fatigue, daytime sleepiness, reductions in concentration, resistance and reaction time. Also, there was dehydration in two NoSM kite surfers and lethargy in one of this group.
While 66% of kite surfers drank fluid (not counting water) during travel, 51% reported consuming less than 0.5-l water, and only 25.5% ate fruit (Table 3) . Fluid and fruit intake was greater in SM (95.5 and 45.5%, respectively) than in NoSM (48.0 and 8.0%, respectively) (p < 0.05, Table 3) . Surprisingly, 13.6% of SM and 58.0% of NoSM did not drink water or any other fluid, respectively. Coffee was the second most consumed drink (51.6%) and alcohol was the Table 3 ). Energy drinks were not consumed by most of the athletes (77.3% in SM and 94.0% in NoSM), but were consumed mainly after training or competition. Kite surfers'SM were more likely to implement strategies to minimize travel effects than NoSM (p = 0.003, Table 3 ); only eating and drinking were mentioned by the latter group as strategies implemented to regulate their circadian rhythm, but 38.6% of the SM group considered sleeping and training, in addition to eating and drinking, as the most effective strategies to rapidly minimize jet lag effects on their performance. In fact, sleeping was the strategy most used (58.8% of participants, Table 3 ). No pharmacological interventions, including melatonin, were mentioned by kite surfers.
Pearson's correlation coefficients (r) indicate that travel effects were positively correlated with weight (r = 0.205, p = 0.47), BMI (r = 0.203, p = 0.04) and distance travelled for competition (r = 0.447, p < 0.0005). On the other hand, travel effects were negatively correlated with the daily volume of running or muscle-building exercises (r = −0.257, p = 0.012), the number of weekly hours of running or muscle-building exercises (r = −0.337, p = 0.001), the number of times per week an individual went kitesurfing (r = −0.258, p = 0.012), the weekly volume of kitesurfing (r = −0.230, p = 0.026), the total volume of training per week (r = −0.336, p = 0.001), sleep on weekdays (r = −0.384, p < 0.0005) and water intake (r = −0.389, p < 0.0005). In order to evaluate possible predictors of "travel effect" prior to competition, a regression analysis was performed. Travel effect was defined as the amount of reported symptoms during travelling for competition. Weight, BMI and training habits were excluded since they were not significant predictors. Three models were found and the last (Model 3) was the best, explaining 66.3% of the variance in kite surfers' travel effects (F = 8.290, p < 0.001 - Table 4 ). This model found that kite surfers' travel effects were dependent on the distance travelled for competition, D, sleep duration on weekdays, SDWeek, and water intake during travel, WI (see model 3, Table 4 ). The result was: Kite surfers' travel effects = −3.244 + (1.098 × D) − (0.558 × SDWeek) − (2.120 × WI).
Discussion
This study provides the first data on sleep duration, travelling habits and jet lag effects in kite surfers. The kite surfers' response rate, in view of the demands of the competitions and travel environment, is adequate, and the number of kite surfers studied is higher than in most published data. Our study involved evaluation of athletes while travelling, and so this prevented the use of a control population. Our findings emphasize a greater weekly training duration (and potentially load) in SM, but reduced self-reported sleep duration, compared to NoSM. Though not measured, it could have an impact on athletes' training quality, recovery, injury and illness (Halson 2014; Silva & Paiva 2015a) . This may also be due to training times since early morning training and evening training may disrupt sleep (Czeisler 2015; Fullagar et al. 2015) . Self-reported sleep duration in SM (06:28 ± 01:05 h) was similar to that observed in 70 elite athletes from seven different sports screened by actigraphy (06:30 ± 01:24 h, Sargent et al. 2014 ). However, sleep duration reported in NoSM (08:30 ± 01:24 h) was similar with that observed in 26 elite athletes from Olympic sports also monitored by actigraphy (08:36 ± 00:53 h, leeder et al. 2012).
In spite of considering sleep as an important resource for the athlete's success and recovery (Halson 2008; Sargent et al. 2014; Silva & Paiva 2015a , 2015c , few studies have explored sleep in athletes, distinguishing between sleep during pre-competition practice and the competition itself. To the best of our knowledge, no such studies exist in kite surfers. Other authors evaluated sleep habits of German athletes before an important competition (Erlacher et al. 2011) ; sleep habits of Brazilian Paralympic athletes before the 2008 Olympic Games (Silva et al. 2012) ; the pre-competitive sleep behaviour of marathon runners (lastella et al. 2014a); sleep habits of male endurance cyclists during training phase, before competition and during competition (lastella et al. 2014b) ; sleep complaints of elite Australian athletes (including three gymnasts, whose gender or discipline of gymnastics is not mentioned) 1 month prior to and 7 months following the 2012 Olympic Games (Juliff et al. 2015) ; and poor pre-competitive sleep habits of high-performance gymnasts (Silva & Paiva 2015a) . A case study with one sailor (who had more than 10 years sailing experience in severe conditions, and whose goal was to be the first person to cross the Pacific Ocean on a catamaran of less than 6 m) concluded that the sailor's deliberate strategy of sleeping 5.4 h per day was sufficient to achieve his goal (Hagin et al. 2012 ). On the other hand, Galvani et al. (2015) evaluated eight male sailors (46.3 ± 3.4 years; 85.4 ± 12.5 kg; 180 ± 13 cm) during a double-handed offshore competition of 500 nautical miles and observed that they slept 5 ± 1.4 times per day for 36 ± 9 min each sleeping period, which indicates that there would have been a build-up of a considerable sleep debt, presumably with negative consequences for performance. Hurdiel et al. (2014) also concluded that 12 professional male sailors demonstrated poor sleep during one of the three single-handed races of 150, 300 and 350 nautical miles (nominally 24-50 h in duration), with negative consequences upon athletic performance. Despite differences in the mentioned studies -namely, sport modality, athletes' category and nationality, and type and duration of the investigation -the similarity of results with regard to the inadequacy of sleep duration in athletes is impressive.
Considering that the circadian rhythm system, physiologically influenced by the suprachiasmatic nucleus located in the hypothalamus (which in turn, is sensitive to light cues, social schedules, including different time-zones), plays a modulatory role in the timing of melatonin release (Dijk et al. 1999; Dahl & lewin 2002; Williams 2011) , our results confirm the influence of the jet lag on athletic performance. In fact, fatigue and sleep disruption were the most commonly reported jet lag symptoms and greater disturbances on their circadian rhythm were reported when travelling eastwards since a phase advance is required, while a phase delay is required following a flight westwards Silva & Paiva 2015c) .
The general finding from sleep medicine, that athletes who compete at an international level can suffer more from sleep disruptions Williams 2011; Silva & Paiva 2015a , 2015c , seems to be reflected in our results.
As kite surfers'SM travelled a greater distance, they might have travelled across different time zones to compete in an environment that may be geographically distant and different from the home base (Silva & Paiva 2015a , 2015b ; thus, they generally reported more symptoms of jet lag compared to NoSM. This factor may contribute to more extensive strategies used by SM to regulate their circadian rhythms. Kite surfers' behaviours at the new destination, such as sleeping (Halson 2008 (Halson , 2014 lau et al. 2010; Fullagar et al. 2015) , eating and drinking Halson 2008 Halson , 2014 Fullagar et al. 2015) , and training (Fullagar et al. 2015; Uchida et al. 2012; Silva & Paiva 2015c) , could be used as important "zeitgebers" (time-givers for body clock's readjustments by rhythmic cues in the environment) at the new time zone Silva & Paiva 2015a) .
Despite the observation that SM were more likely to implement strategies to minimize travel effects than NoSM, including arriving earlier at the destination and greater fluid intake during travel, travel effects were dependent on the distance travelled for competition, sleep duration on weekdays and water intake during travel. Water intake was insufficient, with a negative correlation on kite surfers' well-being, as shown by our results. Thirst is a poor indicator of fluid needs (Jeukendrup & Cronin 2011; Silva & Paiva 2015b) , especially when travelling by air. The dry air of the aircraft leads to an increased loss of moisture from respiration, causing a gradual and unperceived dehydration; thus, it is estimated that athletes should drink an extra of 15-20 ml for each hour of flight ). This hydration should not be too late in the evening in order to avoid waking from sleep to micturate (Silva & Paiva 2015c) . Typical drinks should be water and palatable drinks such as fruit juices and lemonades, rather than cola drinks, tea or coffee, because of the diuretic and stimulant effects of the caffeine presented in this last group ). The stimulant effect of caffeine can modify the endogenous secretion of melatonin by inhibiting α2G adenosine receptors in the pineal gland; thus, its consumption in the evening may interfere with sleep, while in the morning, it can help the body clock to readjust (Beaumont et al. 2004) . In long-haul flights, particularly during eastwards flights, meals become less palatable; this might be a result of dehydration, modifications to taste mechanisms, jet lag or tiredness Waterhouse et al. 2007 ). In addition, an athlete's energy and nutritional needs may not be met by food offered by airlines; therefore, athletes need to plan their meals and hydration in advance, especially if travelling by air. Besides optimal hydration, fruit intake is essential to minimize gastrointestinal distress and regulate appetite Silva & Paiva 2015b) . With only 25.5% of the traveller kite surfers eating fruit and having insufficient fluid intake, we must assume that nutritional education of this group is needed.
To overcome jet lag effects on athletic performance, some strategies should be implemented as follows: flying to the new country in plenty of time to adapt to the new local time (travelling to West will result in premature waking and travelling to East will result in initial difficulties in sleeping but less likelihood of premature waking); reducing the training volume in the days immediately after the flight; and monitoring sleep and fatigue and adjusting training accordingly. Pharmacological intervention related to the use of chronobiotics and soporifics (melatonin and benzodiazepines) is not recommended for healthy young athletes (Williams 2011; Silva & Paiva 2015c; Silva & Paiva 2015a) due to difficulties in estimating the optimal time of ingestion .
Since reduced sleep duration was also reported by our travelling kite surfers, sleep hygiene recommendations should also be followed. These include: limitation of activities that arouse adolescents at bed time (watching TV, using the computer, Internet or phone); setting and adhering to a regular sleep time; avoid practicing intense physical exercise after 8:00 pm; and evaluation of sleep patterns in order to improve individual performance (Williams 2011; Silva & Paiva 2015c) . Athletes should also avoid alcohol intake near bedtime and limit caffeine intake after 6:00 pm -caffeine is an ergogenic aid that stimulates the nervous system and it is found in coffee, tea and energy drinks (le Meur et al. 2013; Silva & Paiva 2015c) .
The limitations of this study should be taken into account when interpreting these results. First, the reliance of self-report weight and height may be compromised due to both its subjective character as well as the participants' body perception associated with sport demands; this may have introduced bias into the study. Second, these results may reflect the use of a self-report method of data collection, where participants may under-report negative behaviours, including daytime sleepiness, fatigue, pain, reduction of athletic performance, hunger, gastrointestinal discomfort, nauseas and vomiting. Third, sleep characteristics, such as quality and daytime sleepiness, and dietary intake related to jet lag and athletic performance were not explored. Fourth, although relevant questionnaire items were identified from the scientific literature (Spitzer et al. 1999; Waterhouse et al. 2007 ) and adjusted to kitesurfing practice and language, these might limit the questionnaire's accuracy in assessing behaviour in the preceding 12 months.
However, the online survey was effective as a method for collecting data and should be utilized in larger studies (Pikora et al. 2011) . Fifth, the lack of scientific literature studying sleep and food habits among these athletes makes it difficult to compare and generalize the results to the wider population. Therefore, it remains essential to identify athletes at risk of sleep disruption and inadequate food and fluid intake during travel; thus, educational programmes and preventive strategies should be implemented.
Conclusions
The unwanted effects of travel in kite surfers were positively correlated with the distance travelled and negatively correlated with sleep duration on weekdays and water intake during travel to international kitesurfing competitions. Jet lag negatively influenced kite surfers' athletic performance with greater symptoms following eastwards travel in both SM and NoSM.
Kitesurfing is growing in popularity around the world, evolving and pushing the boundaries of the sport; therefore, specialized studies are needed to monitor kite surfers' sleep and interventions are required to promote a healthy diet and an optimal body composition in them.
